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Description

Background of the Invention

[0001] This invention addresses liquid crystal dis-
plays (LCDs) and, more particularly, an assembly for re-
stricting the field of view of such displays so that the im-
age appearing on the LCD is visible primarily to a user
sitting directly in front of the screen and is not observable
to other individuals viewing the screen at an oblique an-
gle. This objective is achieved by substantially eliminat-
ing light emanating from the screen other than in a sub-
stantially perpendicular manner.

Description of the Prior Art

[0002] Liquid crystals are useful for electronics dis-
plays because polarized light traveling through the liquid
crystal layer is affected by the layer's birefringence,
which can be changed by the application of a voltage
across the layer. As a result, the transmission or reflec-
tion of light can be controlled with much less power than
is required for the luminescent materials used in other
types of displays. This contributes to the longer life, low-
er weight and low power consumption of the LCD dis-
plays.
[0003] In LCD computer monitor and television dis-
plays a matrix of pixels is arranged across the display.
These pixels are activated by an X-Y sequential ad-
dressing scheme between two sets of perpendicular
conductors. Where the displays incorporate nematic liq-
uid crystals, arrays of thin film transistors can be used
to control the driving voltages at the individual pixels.
[0004] In many applications, it is desirable to broaden
the angle under which the display is viewable without
distortion of loss of contrast. For example, in avionics it
is important that the display be clear and undistorted to
several individuals viewing the screen from various an-
gles. In many instances, it is also desirable for a com-
puter display to be visible to observers other than the
user and for video screens to present an undistorted im-
age to an audience sitting other than directly in front of
the screen. Assemblies which will allow a greater undis-
torted, high intensity viewing angle are shown in numer-
ous prior art references, such as US Patent 5,612,801
to Winker.
[0005] However, numerous applications are arising
where it is desirable to significantly narrow the usable
viewing angle to provide viewing privacy. The intention
is to allow access to the image on the screen only to the
party sitting directly in front of the screen and to prevent
a person sitting next to the user or standing over the
user from seeing the image on the screen. For example,
it is now becoming commonplace for computer users to
use portable computers on airplane flights to work on
proprietary documents. For security reasons, it is most
desirable to prevent a passenger sitting in the next seat
or passing down the aircraft isle from observing the in-

formation on the screen. Secondly, newer cabin designs
in aircraft are replacing larger, centrally located viewing
screens, usually hanging over the aisle, with smaller in-
dividual screens which drop from the overhead compart-
ment, or individual screens mounted in each passen-
ger's seat back or tray table so that each passenger can
select his own entertainment. Often, because each pas-
senger may be receiving and/or paying individually for
his or her chosen entertainment display, such as a mov-
ie or access to various web sites or, for security reasons,
the receipt of proprietary e-mail messages, it is desira-
ble to prevent surrounding parties from observing the
contents of the display.

Summary of the Invention

[0006] Most devices developed to enhance usage of
LCD displays are directed to making the image thereon
available to a broader audience. Devices which can be
added to the LCD device to narrow the field of view and
limit the scope of the viewing audience in a simple, light
weight and unobtrusive manner without loss of bright-
ness of the image are not commonly available. Current-
ly, to reduce the angle of vision micro-louvers, provided
by 3M, are used. However they result in a reduction of
image brightness which must be compensated for by in-
creasing the power applied to the back light and/or use
of various brightness enhancing films. That deficiency
is addressed by an assembly of the present invention
as defined in claim 1 which comprises an LCD screen
in combination with at least two spaced apart patterned
half-waveplates and a linear polarizer assembled in a
manner such that the horizontal components of light
rays emitted from the LCD screen in other than a sub-
stantially orthogonal manner are blocked by the wave-
plate assembly and not transmitted to the observer. As
a result, the opportunity to view the image on the screen
from other than approximately 90° is significantly re-
duced or eliminated. The intensity of the transmitted
light may be enhanced by the addition a brightness en-
hancement film.
[0007] Further embodiments of the invention are
specified in the dependent claims.
[0008] From US-A-5 528 319 a viewing angle reduc-
ing assembly is known having two masks located in a
fixed distance from each other each comprising alter-
nately arranged opaque and transparent stripes which
are adjusted such that the oblique and transparent
stripes of the two masks coincide in a direction normal
to the assembly.
[0009] Another prior art document, JP-A-10 105 794,
discloses an assembly comprising the same optical el-
ements in the same order as defined in present claim 1.
However, the two striped wave plates are arranged to
move with respect to each other and the display syn-
chronously with this movement alternatingly displays
perspective images for the right eye and the left eye
thereby achieving a stereoscopic viewing device.
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Description of the Figures

[0010]

FIGURE 1 is a schematic perspective representa-
tion of light emitted from state of the art LCD
screens.
FIGURE 2 is schematic expanded top view of an
assembly incorporating features of the invention
added to a state of the art LCD screen as shown in
Fig. 1
FIGURE 3 is a perspective front view of the assem-
bly of Figure 2.
FIGURE 4 is a perspective view of a second em-
bodiment of the assembly having a checkerboard
pattern on the half-waveplates.
FIGURE 5 is a graph showing the transmission
through staggered waveplates between crossed
polarizers.
FIGURE 6 is a schematic top view of the assembly
of Figure 2 with the addition of a brightness enhanc-
ing film.

Detailed Description of the Invention

[0011] Figure 1 is a schematic representation of an
LCD display 10 showing a ray of light 12 emanating per-
pendicular (orthogonal or normally incident) to the face
of LCD screen (90°) and two non-orthogonal rays of light
14 and 15, which are representative of non-orthogonal
light. The first ray 14 is other than 90° in the horizontal
direction only and the second ray is other than 90° in
the vertical direction only. The non-orthogonal ray with
horizontal components 14 provides visibility of the im-
age on the LCD screen to other than the individual sitting
directly in front of the screen. It is the purpose of this
invention to prevent as much as is practical of this hor-
izontal, non-orthogonal ray from being visualized.
[0012] Figure 2 shows a typical back lit LCD arrange-
ment incorporating features of the invention. Light 18
generated by a source 20 behind the LCD screen 10, in
combination with electronic activation of the LCD screen
pixels, generates an image on the screen. That light per-
meates through the transparent portions of the screen.
This light can radiate orthogonally, as well as at various
different angles to the face of the LCD screen. A con-
ventional display output polarizer 22 is used on the exit
side of the LCD display 10 to create the display image.
The display output polarizer 22 may, in fact be provided
as part of the LCD display. It serves as the input polar-
izerfor the waveplate assembly and will be referred to
as the "input polarizer." If an LCD is not used, an input
polarizer must be added in front of the waveplate as-
sembly. The polarizer transmits only those wavetrain
components of light which vibrate parallel to the polar-
izing direction of the film and absorbs those that vibrate
at a right angle to said direction. While some wavetrain
components not parallel to the polarizing direction of the

polarizing film may be transmitted, the light emerging
(passing through) the polarizing film is substantially lin-
early polarized.
[0013] A material is birefringent if it has different re-
fractive indices in different directions. Any material may
be fully characterized by 3 principle indices along or-
thogonal axes. If two of these indices are the same
(called "ordinary", no) and the third is different (called
"extraordinary", ne) it is uniaxially birefringent. If ne> no
it is positively birefringent. If the refractive index is the
same in all three directions the material is referred to as
"isotropic".
[0014] In a uniaxially birefringent film structure, if the
extraordinary index (or c-axis) lies in the plane of the
film, it is referred to as an a-plate. This is because it has
the same optical symmetry as what crystallographers
refer to an as a-cut crystal. Such an a-plate is said to be
half-wave if its thickness, d, and birefringence ne-no are
chosen such that:

Half-waveplates have the property that when plane po-
larized light is incident on them such that the polarization
vector makes an angle theta (θ) with the extroardinary
axis of the film, the plane of polarization is rotated by
twice theta as the light passes through.
[0015] Spaced there from and further removed from
the LCD 10, with its transmission axis orthogonal to that
of the input polarizer 22, is an additional polarizer 24,
often referred to as an analyzer. Selected components
of light exiting the input polarizer 22 have the polariza-
tion vector rotated 90° by the half-waveplate assembly
26 positioned between the two polarizers. The analyzer
24 is positioned so that the rotated components of light
which subsequently exit the waveplates are transmitted
there through. As is further explained below, unrotated
light will not pass through the additional polarizer 24 and
therefore can not be seen by an observer 28 positioned
beyond the additional polarizer 24.
[0016] Located between the input polarizer 22 and the
additional polarizer 24 is an assembly 26 which includes
half-waveplates 30, 32 having a staggered, striped pat-
tern which serves, in combination with the additional po-
larizer 24, to prevent light traversing the waveplate in a
oblique horizontal manner and transmitted through the
input polarizer 22 from reaching the observer 28. The
half-wave (λ/2) plate assembly 26 comprises, in a pre-
ferred embodiment, two patterned half-waveplates 30,
32 spaced a fixed preselected distance S apart. One of
the waveplates 30 has its c-axis at +45°to the analyzer
transmission angle so that a birefringent striped portion
of the waveplate rotates light a fixed angle (90°) in one
direction while the second waveplate 32 has its c-axis
at +45° or -45°to the analyzer transmission axis so that
that a birefringent striped portion rotates the light an ad-
ditional ±90°(to 0 or 180°). Each half-waveplate 30, 32

(ne - no)d=λ/2
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has alternating isotropic and birefringent portions 34,
36, the isotropic portion 34 transmitting light without ro-
tation and the birefringent portion 36 rotating the polar-
ized light the desired angle and in the intended direction.
[0017] Each portion 34, 36 preferably has the same
longitudinal dimension P1 = P2. If P1 is not equal to P2
then a null (zero transmission ) can not be reached. The
two half-waveplates are positioned in relationship to
each other so that light 12 passing perpendicular, or
substantially perpendicular 13, through the isotropic
portion 34 of the first half-waveplate 30 will then pass
through the birefringent portion 36 of the second wave-
plate 32. In the alternative, light 12 passing perpendic-
ular, or substantially perpendicular 13, through the bire-
fringent portion 36 of the first half-waveplate 30 will then
pass through the isotropic portion 36 of the second
waveplate 32. In both instances, the light passing
through the input polarizer 22 will be rotated by the half-
waveplate assembly 26 through a 90° angle and then
pass through the additional polarizer 24 oriented with
the horizontal component perpendicular to the stripe di-
rection.of the waveplate 22 with its transmission plane
at 90° to the transmission plane of the input polarizer
22, allowing the LCD image to be visualized by the ob-
server 28. Substantial fractions of all other light 14 em-
anating from the input polarizer 22 will encounter bire-
fringent portions 36 on both half-waveplates 30, 32, or
two isotropic portions 34, the light 14 being absorbed by
the analyzer 24 rather than transmitted through the an-
alyzer polarizer 24.
[0018] The desired null angle depends on the envi-
ronment in which the screen will operate. Figure 3 is a
graph showing the percent transmission of light with two
half-waveplates 30, 32 imbedded in a material having a
refractive index of 1.5 and S = 1.4 ( P1 + P2) with P1 =
P2. The result is a null (zero light transmission) at ±30°
which is the preferred null angle for most environments.
[0019] At angles greater than the null point a percent-
age of the light may again be transmitted but it may have
an intensity or contrast ratio such that it is not readily
visualized. The null point can be varied by changing the
distance, S between the two half-waveplates. As the
plates are brought closer, ie S is made smaller, the null
angle increases until it reaches 180° as the two half-
waveplates contact each other. Conversely, as the half-
waveplates are moved further apart (S is increased) the
null angle decreases. However, the half-waveplate as-
sembly 26, and the combination with the polarizers 22,
24 becomes to thick to be practical. Preferably, the null
point is not greater than 40°. The size of P2 is based on
the pixel size in the LCD. P2 should optimally be dimen-
sioned smaller than the size of the pixels on the LCD
screen. In a preferred embodiment P1 = P2 = 17.5µ and
S=50µ.. However, P1 and P2 can vary from about 10µ
to about 200µ and S can vary from about 25µ to about
500µ.
[0020] If θext is the disired viewing angle at which zero
transmission occurs, n is the refractive index of the im-

bedding material and P1 = P2 then the formula control-
ling the selection of the space, S between the half-wave-
plates is

In a typical case for θext=30°, n=1.5 and S/P2=2.8
[0021] The space S can be provided by a transparent
isotropic filler material 38, such as an adhesive of known
thickness, completely filing the space. Alternatively, a
spacer of known thickness 40 may be used along with
the filler material 38 to aid in maintaining the spacing
between the half-waveplates 30, 32.
[0022] Figure 4 shows an alternative assembly which
uses a staggered checker board pattern rather than a
striped pattern. Like numbered components will function
in the same manner as those described above. Stripes
restrict the angle of vision only in a direction perpendic-
ular to the stripes. Therefore, this embodiment has the
added feature of being able to also restrict transmission
of non-orthogonal light in the horizontal and vertical di-
rections.
[0023] Another way to restrict viewing in both the hor-
izontal and vertical direction is to use a second stag-
gered waveplate assembly with its stripes oriented hor-
izontally. A second input polarizer must be added be-
tween the two staggered waveplate assemblies, with
the second input polarizer crossed to the first input po-
larizer. In such instance the analyzer polarizer would be
crossed to the second input polarizer rather than the first
input polarizer.
[0024] The invention described herein does not re-
quire any particular form of half-waveplate, there being
several techniques for forming the waveplates shown in
the published literature. However, two techniques are
typically used. One technique is to uniaxially stretch cer-
tain plastic films, such as a polycarbonate, or polyvinyl
alcohol polymer films and, while maintaining the film in
the stretched condition, using pressure and/or heat,
stamping an alternating striped pattern on the film. This
can create parallel alternating regions that are isotropic
or birefringent. Another alternative is to solvent cast a
solution of a polymerizable liquid crystal monomer onto
a rubbed polyimide film. The c-axis of the liquid crystal
film which is formed will align with the rub direction of
the polyimide film. The film is dried and polymerized
leaving a birefringent polymer coating on the polyimide
film. A photoresist is then applied to the surface of the
polymer film, the photresist is covered with a striped
photomask with desired stripe width and parallel por-
tions of the photoresist are etched away leaving birefrin-
gent and isotropic stripes. Other methods of forming
such birefringent films are known to those skilled in the
art.
[0025] As a further improvement of the above de-
scribed device, a brightness enhancing film 42 can be
added, as shown in Figure 6, between the source 20

S/P2 = cot[arcsin(sin θext/n)]
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and the LCD screen 10 A brightness enhancing film uti-
lizes refractive optics to concentrate light in a more for-
ward direction so that less light is transmitted in the ob-
lique direction.. These films are commercially available.
The brightness enhancing film 42 focuses the light 18
emanating from the source 20 so that more of the light
18 reaches the back surface of the LCD 10 making the
LCD image brighter and, as a result, the light reaching
the observer 28 is more intense. This is shown in the
graph of Figure 5. When the brightness enhancing film
is used less light is available at angles further from or-
thogonal and as a result the percent of transmitted light
at greater than the null angle is reduced.
[0026] In a preferred embodiment the half-waveplates
30, 32 are designed for 550 nm light. However, such a
waveplate is close enough to half-wave that the assem-
bly will operate in the intended manner for all frequen-
cies of visible light which reach it.
[0027] While the invention has been shown and de-
scribed with reference to different embodiments thereof,
it will be appreciated by those having skill in the art that
variations in form, detail, compositions and operating
conditions may be made without departing from the
scope of the invention as defined by the accompanying
claims.
[0028] For example, while half-waveplates have been
described, it is possible to use two plates which rotate
light the same angles but different than 90°. However,
such a system will operate in a less efficient manner and
may not produce a null point Also, more then two wave-
plates can be used and the ratio of P1 to P2 and the
relationship of S to P1 and P2 can be varied to further
reduce the null angle. One skilled in the art will also rec-
ognize that there exists various other techniques, not
described herein, to produced polarized light. This in-
vention contemplates using alternative polarizing tech-
niques. Further, while the assembly set forth herein is
described in conjunction with and LCD screen, one
skilled in the art will recognize that it can be utilized to
provide privacy to all manner of screens used to present
an image.

Claims

1. An assembly for reducing the viewing angle of light
emanating from display comprising:

an input polarizer film (22) and an analyzer po-
larizer film (24), said films being spaced apart
and parallel, the analyzer polarizer film (24)
having a transmission axis oriented so that it
transmits linear polarized light incident thereon
which is 90° to the linear polarized light exiting
through the input polarizer,
a half-waveplate assembly (26) positioned be-
tween the input polarizer film (22) and the an-
alyzer polarizer film (24), said assembly (26)

causing linearly polarized light propagating or-
thogonal to the surface of the display to be
transmitted through the waveplate assembly
rotated 90°,

wherein the half-waveplate assembly (26)
comprises a first waveplate (30) and at least one
second waveplate (32), the at least one second
waveplate (32) spaced a fixed distance from the first
waveplate (30), each waveplate (30,32) having
multiple alternating birefringent (36) and isotropic
stripes (34), the isotropic stripes (34) transmitting
polarized light normally incident thereon without ro-
tation and the birefringent stripes (36) transmitting
polarized light normally incident thereon with a de-
fined angle of rotation, the second waveplate (32)
being positioned so that the normally incident po-
larized light passing through the isotropic stripes
(34) on the first waveplate (30) will pass through one
of the birefringent stripes (36) on the second wave-
plate (32) and normally incident polarized light
passing through the birefringent stripes (36) on the
first waveplate (30) will pass through one of the iso-
tropic stripes (34) on the second waveplate (32)
causing the polarized light normally incident on the
first waveplate to be transmitted from the second
waveplate rotated 90°.

2. The assembly of claim I wherein the multiple alter-
nating isotropic and birefringent stripes (34, 36)
each have the same width.

3. The assembly of claim 2 wherein the width is from
about 10 µ to about 200 µ.

4. The assembly of claim 2 wherein the width is about
20µ.

5. The assembly of claim 1 wherein the fixed distance
between the first waveplate (30) and the second
waveplate (32) is from about 25 µ to about 500 µ.

6. The assembly of claim I wherein the fixed distance
between the first waveplate (30) and the second
waveplate (32) is about 50µ.

7. The assembly of claim I wherein the fixed distance
between the first waveplate (30) and the second
waveplate (32) is filled with an adhesive.

Patentansprüche

1. Vorrichtung zum Reduzieren des Betrachtungswin-
kels für das aus einer Anzeige austretende Licht,
mit:

einem Eingangs-Polarisierungsfilm (22) und ei-
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nem Analysator-Polarisierungsfilm (24), wobei
die Filme mit einem Abstand und parallel zuein-
ander angeordnet sind und wobei der Analysa-
tor-Polarisationsfilm (24) eine Übertragungs-
achse aufweist, die derart ausgerichtet ist, das
sie einfallendes linear polarisiertes Licht über-
trägt, das mit 90° zu dem linear polarisierten
Licht ausgerichtet ist, das durch den Eingangs-
polarisator hindurchgeht,

eine Halbwellenplatten-Anordnung (26), die
zwischen dem Eingangs-Polarisationsfilm (22)
und dem Analysator-Polarisationsfilm (24) an-
geordnet ist, wobei die Anordnung (26) veran-
lasst, dass linear polarisiertes Licht, das sich
orthogonal zu der Oberfläche der Anzeige fort-
pflanzt, um 90° gedreht durch die Wellenplat-
tenanordnung übertragen wird,

wobei die Halbwellenplattenanordnung (26)
eine erste Wellenplatte (30) und wenigstens eine
zweite Wellenplatte (32) umfasst, wobei die wenig-
stens eine zweite Wellenplatte (32) mit einem fixen
Abstand zu der ersten Wellenplatte (30) angeordnet
ist, wobei jede Wellenplatte (30, 32) mehrere al-
temierende doppelbrechende (36) und isotropische
Streifen (34) aufweist, wobei die isotropischen
Streifen (34) normal einfallendes polarisiertes Licht
ohne Drehung übertagen und wobei die doppelbre-
chenden Streifen (36) normal einfallendes polari-
siertes Licht mit einem definierten Drehwinkel über-
tragen, wobei die zweite Wellenplatte (32) derart
positioniert ist, dass das normal einfallende polari-
sierte Licht, das durch die isotropischen Streifen
(34) auf der ersten Wellenplatte (30) hindurchgeht,
durch einen der doppelbrechenden Streifen (36)
auf der zweiten Wellenplatte (32) hindurchgeht und
das normal einfallende polarisierte Licht, das durch
die doppelbrechenden Streifen (36) auf der ersten
Wellenplatte (30) hindurchgeht, durch einen der
isotropischen Streifen (34) auf der zweiten Wellen-
platte (32) hindurchgeht, wodurch veranlasst wird,
dass das normal auf die erste Wellenplatte einfal-
lende polarisierte Licht durch die zweite Wellenplat-
te um 90° gedreht übertragen wird.

2. Vorrichtung nach Anspruch 1, wobei die mehreren
alternierenden isotropischen und doppelbrechen-
den Streifen (34, 36) jeweils die gleiche Breite auf-
weisen.

3. Vorrichtung nach Anspruch 2, wobei die Breite un-
gefähr 10 µ bis ungefähr 200 µ beträgt.

4. Vorrichtung nach Anspruch 2, wobei die Breite un-
gefähr 20 µ beträgt.

5. Vorrichtung nach Anspruch 1, wobei der fixe Ab-

stand zwischen der ersten Wellenplatte (30) und
der zweiten Wellenplatte (32) ungefähr 25 µ bis un-
gefähr 500 µ beträgt.

6. Vorrichtung nach Anspruch 1, wobei der fixe Ab-
stand zwischen der ersten Wellenplatte (30) und
der zweiten Wellenplatte (32) ungefähr 50 µ be-
trägt.

7. Vorrichtung nach Anspruch 1, wobei der fixe Ab-
stand zwischen der ersten Wellenplatte (30) und
der zweiten Wellenplatte (32) mit einem Kleber ge-
füllt ist.

Revendications

1. Un assemblage pour réduire l'angle de vision d'une
lumière émanant d'un écran, comprenant :

un film polariseur d'entrée (22) et un film pola-
riseur analyseur (24), lesdits films étant espa-
cés et parallèles, le film polariseur analyseur
(24) ayant un axe d'émission orienté de telle
sorte qu'il émet une lumière polarisée linéaire
en incidence dessus qui est à 90° par rapport
à la lumière polarisée linéaire sortant à travers
le polariseur d'entrée,
un assemblage de lames demi-ondes (26) situé
entre le film polariseur d'entrée (22) et le film
polariseur analyseur (24), ledit assemblage
(26) amenant une lumière polarisée linéaire-
ment se propageant perpendiculairement à la
surface de l'écran, à être émise à travers l'as-
semblage de lames à retard tournée de 90°,

dans lequel l'assemblage de lames demi-on-
des (26) comprend une première lame à retard (30)
et au moins une seconde lame à retard (32), l'au
moins une seconde lame à retard (32) étant espa-
cée d'une distance fixe de la première lame à retard
(30), chaque lame à retard (30,32) ayant de multi-
ples bandes alternantes biréfringentes (36) et iso-
tropes (34), les bandes isotropes (34) émettant une
lumière polarisée en incidence normale dessus
sans rotation et les bandes biréfringentes (36)
émettant une lumière polarisée arrivant en inciden-
ce normale dessus avec un angle de rotation défini,
la seconde lame à retard (32) étant située de façon
à ce que la lumière polarisée en incidence normale
passant à travers les bandes isotropes (34) sur la
première lame à retard (30) passe à travers une des
bandes biréfringentes (36) sur la seconde lame à
retard (32), et que la lumière polarisée normale-
ment incidente passant à travers les bandes biré-
fringentes (36) sur la première lame à retard (30)
passe à travers une des bandes isotropes (34) sur
la seconde lame à retard (32), amenant la lumière
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polarisée en incidence normale sur la première la-
me à retard à être émise depuis la seconde lame à
retard tournée de 90°.

2. L'assemblage selon la revendication 1, dans lequel
les multiples bandes alternantes isotropes et biré-
fringentes (34, 36) ont chacune la même largeur.

3. L'assemblage selon la revendication 2, dans lequel
la largeur est comprise entre environ 10 µm et en-
viron 200 µm.

4. L'assemblage selon la revendication 2, dans lequel
la largeur est d'environ 20 µm.

5. L'assemblage selon la revendication 1, dans lequel
la distance fixe entre la première lame à retard (30)
et la seconde lame à retard (32) est comprise entre
environ 25 µm et environ 500 µm.

6. L'assemblage selon la revendication 1, dans lequel
la distance fixe entre la première lame à retard (30)
et la seconde lame à retard (32) est d'environ 50
µm.

7. L'assemblage selon la revendication 1, dans lequel
la distance fixe entre la première lame à retard (30)
et la seconde lame à retard (32) est remplie avec
un adhésif.
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摘要(译)

一种用于限制从LCD屏幕（10）发射的图像的视角的组件，包括两个偏
振膜（22,24）的线性平行布置，其间具有至少两个波片（30,32）。偏
振膜的透射平面成一角度，优选彼此成90°。至少两个平行波片位于偏振
膜之间。每个波片具有在双折射（36）和各向同性区域（34）之间交替
的平行透射区域。波片彼此间隔开地定位，使得穿过第一偏振屏的基本
上正交的光和第一波片的双折射或各向同性交替透射区之一将穿过第一
波片的交替条纹透射区域中的另一个。第二波片。如此透射的光然后将
通过第二偏振膜并且是可见的。入射在波片组件上的非正交光的水平分
量的至少一部分将不会穿过第二偏振膜。这种组装导致视角比LCD屏幕
窄。
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